Reliable diagnosis of articular cartilage lesions of the patellae is often based on arthroscopy. however, unnecessary arthroscopies should be avoided. the aim of this study was to assess the sensitivity and applicability of MRi to diagnosing articular cartilage lesions of the patellae.
INTRODUCTION
The clinical significance of softened patellar articular cartilage is �uestiona�le �ecause the association �e-is �uestiona�le �ecause the association �e-the association �etween the presence of softened articular cartilage and clinical symptoms is controversial (1-5). It has �een suggested that articular cartilage lesions of the patellae, previously chondromalacia patellae, is over-diagnosed when the diagnosis has �ased on symptoms and clinical signs (1, 3). Magnetic resonance imaging (MRI) is widely used for detecting internal derangements of the knee. It is a noninvasive procedure, and has a low risk of complications. Whether MRI can help ensure the correct diagnosis of articular cartilage lesions of the patellae in patients with symptoms of anterior knee pain, however, is not clear. Previous reports indicate that the overall sensitivity for chondral lesions of the patellae ranges �etween 30% and 100%, with a specificity �etween 50% and 94% and a diagnostic accuracy �etween 77% and 90% (6-8).
Arthroscopy provides a relia�le diagnosis of patellar articular cartilage lesions (9, 10). However, arthroscopical or other surgical procedures of articular cartilage lesions of the patellae is re�uired in less than 10% of patients (9, 11), while the initial treatment comprises conservative reha�ilitation (12) . Arthroscopy for shaving or removing fi�rillated and traumatized areas of articular cartilage is used for deeper patellae lesions grades-II to IV, despite evidence that the positive treatment outcomes may deteriorate over time (13, 14) . If arthroscopic examination does not reveal any arthroscopically treata�le lesions, however, it is a costly diagnostic method that unnecessarily consumes limited healthcare resources and thus diagnostic arthroscopies should not �e done. Moreover, as an invasive procedure, arthroscopy causes short-term functional disa�ility, pain, and stress, and involves risks related to anesthesia and surgery.
We had the opportunity to examine sensitivity of MRI in a homogenous sample of young men with arthroscopically proven articular cartilage lesions of the patellae. Thus, the purpose of the present diagnostic study was to assess the sensitivity of MRI for detecting articular cartilage lesions of the patellae. The association �etween symptoms, clinical signs and grading of articular cartilage lesions of the patellae was also investigated.
MATERIALS AND METHODS
In Finland, compulsory military service is re�uired for all male citizens. During the study period of 1999 to 2003, the num�er of recruits starting their service varied �etween 21 909 and 30 659 annually, and over 80% of the males aged 18 to 29 years (median, 19 years) completed a service period ranging from 6 to 12 months. The study population consisted of 143 343 military recruits nationwide. Com�at training, marching, and other physical training activities were performed almost daily throughout the service period. The patients selected for this study comprised of young military trainees who had passed their entry medical examination as healthy and were a�le to perform physically demanding military training. Physical and com�at training includes physical exercise, causing increased loads to the lower lim� and especially to knees �ecause kneeling and crawling are often included in the training activities (15) . This training is performed almost daily throughout the service period. Thus, anterior knee pain may markedly interfere with the performance of military training and may threaten the completion of military service. The study pro-
The study protocol was approved �y the local ethics committee.
Eligi�le, consecutive patients with articular cartilage lesions of the patellae diagnosed with arthroscopy were identified retrospectively from the medical records of the main military hospital, where all surgical operations on recruits performing compulsory military service were conducted �etween 1999 and 2003. A computer search was performed on records from 1999 through 2003 using the appropriate diagnostic codes of the tenth edition of the International Classification of Diseases (ICD-10). The inclusion criteria were a sole diagnosis of articular cartilage lesions of the patellae diagnosed �y arthroscopy and previous MRI of the knee no more than 3 months �efore arthroscopy. Exclusion criteria were previous fracture of the distal ti�ia or patella. We identified 77 patients (3 women and 74 men) with sole diagnosis of articular cartilage lesions of the patellae diagnosed �y arthroscopy. Due to the small num�er of women, they were excluded from the study, resulting in a total of 74 patients. In cases of �ilateral articular cartilage lesions of the patellae (15 knees) only one knee per person was randomly chosen. Mean age of the patients was 20.6 years (range 18.3 -28.2). The original complete medical records, including radiographs, were retrieved and reviewed to confirm the accuracy of the diagnoses, and to systematically collect data for the present study.
Patient medical histories were studied and collected information was recorded in a data�ase. Duration of knee symptoms was classified into one of three categories: 1) less than 1 year, 2) 1 to 2 years, and 3) over 2 years. Clinical features were also classified into one of three categories: 1) discomfort and pain in anterior patella without further symptoms or findings, 2) typical symptoms of anterior knee pain (AKP), namely pain after walking stairs and prolonged sitting, without findings in physical examination, and 3) typical clinical symptoms of AKP with crepitus and pain during active movement of the patella.
All military conscripts with anterior knee pain symptom were initially treated conservatively with anti-inflammatory medication in their units, and temporarily exempted from all strenuous physical activity and military training. Physiotherapy, including lower extremity muscle strengthening concentrating on the �uadriceps, was employed. Patients not responding to conservative treatment and whose anterior knee pain was restricting their training, were referred �y the physicians in the �asic military units to orthopedic consultation at the main military hospital to assess the need for MRI and arthroscopy. All patients included into the study had �oth arthroscopy and MRI. In general, arthroscopy was chosen in Central Military hospital, when the response to nonsurgical treatment was insufficient and when a relia�le method was needed to verify the suspected diagnosis of articular cartilage lesions of the patellae, or to differentiate �etween articular cartilage lesions of the patellae and other internal derangements of the knee, such as medial plica. Plain radiographs, including anteroposterior, lateral, and Merchant views, were routinely o�tained in all of the patients �efore physical examination �y an orthopedic surgeon.
MRI was performed in all patients prior to knee arthroscopy using a 1.0 Tesla scanner (Signa Horizon; GE Medical Systems, Milwaukee, WI) with a standard knee coil and a field of view of 10 to 16 cm. The knee was extended and �uadriceps was relaxed during the scanning. Slice thickness was 3 to 4 mm, with a 0.5 or 1.0-mm intersection gap. Sagittal proton density (PD) spin echo se�uence images with fat suppression or sagittal T1-weighted spin echo se-�uence images were o�tained. Axial T1-and T2-weighted se�uences with fat suppression were o�tained, as well as T2-weighted coronal images.
The images were initially evaluated �y a musculoskeletal radiologist on duty using a standard MRI interpretation protocol. For the purpose of this study, another musculoskeletal radiologist (M.K.) then reevaluated the images �linded to the previous MRI results and arthroscopy findings. In cases in which these reevaluations differed from the original (3 cases) (inter-o�server relia�ility, kappa = 0.9), a decision was reached �y consensus. MRI grading of articu-MRI grading of articu-articular cartilage lesions of the patellae was made �ased on the arthroscopic grading system �y Shahriaree: (12) 0, normal; 1, softening or �lister �y high signal intensity and swelling of the cartilage on magnetic resonance images; 2, fissuring; 3, fragmentation and fissuring, and 4, full thickness fissure and exposed �one.
Arthroscopy was performed after MRI examination (mean time �etween MRI and arthroscopic examination was 3.8 weeks [range 0-12 weeks]. One experienced orthopedic surgeon performing the arthroscopy evaluated the articular surfaces �linded to the MRI results. The knees were examined systematically using a pro�e inserted into the knee joint. Under direct vision and with careful pro�ing, special attention was paid to the patellar surface and the degree of fi�rillation, fragmentation, and possi�le softening of the cartilage surface �ased on the arthroscopic grading system �y Shahriaree (12) .
To determine the diagnostic sensitivity of the 1.0 Tesla MRI and symptoms and physical examination, the MRI findings, symptoms, and clinical findings were then compared with the arthroscopic findings, the arthroscopic results serving as the gold standard. We used a single ta�le analysis when calculating the sensitivity of MRI and clinical symptoms. A chi-s�uare test was used in two-way ta�les A: Axial fat-suppressed T1-weighted magnetic resonance image showed grade-I chondromalacia, softening, and swelling of the cartilage in the patellar facets. In arthroscopy,the cartilage was smooth �ut in pro�e examination it was softened. and the level of significance was set to p = 0.05. Ninety-five percent confidence intervals were calculated �y Wilson's method. When calculating results for grade I articular car-tilage lesions of the patellae, only arthroscopically detected grade I lesions were considered positive (gold standard) for cartilage lesions and compared to MRI results in which grade 0 was considered negative and grades I to IV positive. Results for grades II-IV were calculated respectively, arthroscopically detected grade II to IV lesions were considered positive and compared to MRI results in which grade 0 was considered negative and grades I to IV positive. SPSS 17.0 for Windows was used for the statistical analysis.
RESULTS
Of all the male conscripts performing their compulsory military service during the 5-year period, we identified 74 consecutive patients with a sole diagnosis of articular cartilage lesions of the patellae �ased on arthroscopy. Twenty (27%) cases of the articular cartilage lesions of the patellae �ased on arthroscopy were grade-I, 32 (43%) were grade-II, and 22 (30%) were grade-III. Grade-IV lesions were not found. The grading of articular cartilage lesions of the patellae �ased on arthroscopy was not associated with the clinical symptoms of AKP (p = 0.61) or the duration of the symptoms �efore arthroscopy (p = 0.75). Thirtyone patients (42%) had suffered symptoms of anterior knee pain for less than 1 year, 9 (12%) for 1 to 2 years, and 34 (46%) for more than 2 years. The sensitivities of MRI, symptoms, and physical examination are shown in Ta�le 1. Due to the study setting, all patients had articular cartilage lesions of the patellae and thus the specificity of the diagnostic methods could not �e assessed. MRI detected articular cartilage lesions of the patellae in 49 knees, resulting in a sensitivity of 66% (95% CI: 53%-74%; Ta�le 1). MRI scans detected grade I articular cartilage lesions of the patellae with a sensitivity of 20% (95% CI: 8-42%). The higher the grade, the �etter the detection, and grade III articular cartilage lesions of the patellae was always detected in MRI (sensitivity 100%, 95% CI: 85%-100%). In 19 knees (26%) MRI was normal. Other MRI diagnoses included one medial plica, one medial meniscal tear, and one partial tear in the patellar tendon. Only 39% (95% CI: 28%-49%) of the patients with proven articular cartilage lesions of the patellae had typical symptoms and physical findings of AKP, namely pain after walking stairs and prolonged sitting, and crepitus and pain during active movement of the patella. In 28% of the patients, the only symptom was discomfort and pain in the anterior aspect of the knee without findings in physical examination.
The results of MRI and arthroscopy for the different grades of articular cartilage lesions of the patellae presented in Ta�le I  II  III  Total   0  16  09  00  25  I  03  02  02  07  II  00  19  09  28  III  01  02  09  12  IV  00  00  02  02  Total  20  32 22 74 * Shahriaree (12) * Shahriaree (12) shows the association �etween symptoms and physical findings and arthroscopically identified grading of the articular cartilage lesions of the patellae. The association was not significant (p = 0.61). Plain radiographs of all 74 knees showed normal findings in 70 cases. Lateralization of the patella and a flat sulcus angle (< 138 degrees) was found in three knees, and Osgood-Schlatter disease was found in one knee.
DISCUSSION
The primary aim of this study was to assess the sensitivity of 1.0 T MRI in arthroscopically confirmed articular cartilage lesions of the patellae. The sensitiv-
The sensitiv-he sensitivity of MRI for detecting grade-I lesions was low and could not �e used to confirm the diagnosis of articular cartilage lesions of the patellae. For the detection of more severe grade-II to III lesions, the MRI sensitivity was markedly higher. MRI may thus �e considered an accurate diagnostic tool for identifying more severe cases of articular cartilage lesions of the patellae. The present study also showed no association �etween articular cartilage lesions of the patellae and symptoms of anterior knee pain. Thus, symptoms or findings in clinical examination suspected to �e related to articular cartilage lesions of the patellae should not �e used as an indication for knee arthroscopy.
Overall sensitivity of MRI in articular cartilage lesions of the patellae was poor, although sensitivity increased with an increase in the severity of cartilage lesions. Although some studies exist concerning the sensitivity of MRI in detecting articular cartilage lesions of the patellae, the populations have �een heterogenous (6, 7, 16, 17) . Thus our study with large homogenous sample adds to the literature. A previous study reported that the sensitivity of MRI for detecting all grades of articular cartilage lesions of the patellae is 57% (7), which is similar to the sensitivity of 66% in our study. McCauley and coworkers demonstrated a slightly higher sensitivity (72%) (6) and interestingly, also clearly higher values (up to 90% to 100%) have �een pu�lished (16, 17) . Another study that used the same articular cartilage lesion grading presented �y Shahriaree (12) as in the present study reported a sensitivity of 0% for grade-I lesions (18) . In grade-II and III , the imaging sensitivity was considera�ly higher (72% and 100%). There is evidence from the previous literature, that the sensitivity depends highly on the se�uences used. In a study �y Waldschmidt and co-workers, the sensitivity of grade II lesions was �etween 13% (PD-weighted MRI) and 47% (T2-weighted MRI), while the corresponding figure for grade-IV lesions was 50% (spoiled gradientrecalled imaging) and 75% (T1-, T2-, and PD-weighted MRI) (18) . Although there were no patients with grade-IV cartilage lesions in our sample, our results clearly show that sensitivity was increased with deeper lesions.
One of the secondary findings of the present study was the poor correlation �etween cartilage lesions identified in arthroscopy and the symptoms of ante-rior knee pain. This finding was somewhat expected �ecause previous literature demonstrated the a�sence of pathognomonic symptoms (1, 5, 19) . In our sample, only one-third of patients with diffuse AKP as the sole symptom had articular cartilage lesions of the patellae, while in patients with symptoms of AKP and patellofemoral crepitus the sensitivity was 39%. Our results were even lower than that of the previous study that showed that 60% of the patients with clinically diagnosed anterior knee pain with retropatellar crepitus had articular cartilage lesions of the patellae (1). Based on the findings of the present study, it seems evident that cartilage lesions of the patellae cannot �e distinguished �y symptoms and signs in physical examination (5). Taking into account that surgical treatment of cartilage lesions of patellae is re�uired in less than 10% of patients �ased on the literature (11) and that the effectiveness of surgery even in these cases is controversial (13, 14) , arthroscopy is not recommended in cases of suspicion of articular cartilage lesions of the patellae.
The present study has several limitations. Due to the retrospective selection of patients with all having articular cartilage lesions of the patellae identified �y arthroscopy, we were una�le to calculate the specificity of the diagnostic tests. The MRI field strength used in the present study (1.0 Tesla) may �e considered a limitation, although it is not studied whether a higher field strength might have resulted in a more relia�le diagnosis of articular cartilage lesions of the patellae. A higher field strength is not always routinely availa�le. However, the present study has several strengths too. Our study sample consisted of young military trainees �etween 18 and 28 years of age who all passed their military entry medical examination as healthy. After completing the military �asic training, all were expected to have attained a physical level ena�ling them to march or ski a distance of 15 km on two consecutive days, carrying a full military pack weighing 25 kg and a rifle, while maintaining fitness for �attle. Due to the compulsory nature of the military service, the study participants accurately reflect the young adult male population of the country. Moreover, the age group of our study is optimal, �ecause this is the age frame in which degenerative chondral changes, such as osteoarthritis, do not normally exist. This relatively large group of skeletally mature young adults underwent uniform examination and treatment for anterior knee pain according to the policy of a single institution. Standard methods and protocols of the institution were used for the evaluation of clinical symptoms, plain radiographs, magnetic resonance images, and arthroscopy findings.
In conclusion, the sensitivity of MRI for detecting grade-I lesions was low and MRI findings could not �e used to confirm a diagnosis of articular cartilage lesions of the patellae. For the detection of more severe grade-II to III lesions, the sensitivity of MRI was markedly higher. MRI may therefore �e considered a useful diagnostic tool for identifying more severe cases of articular cartilage lesions of the patellae. In addition, the sensitivity of symptoms and physical examination for articular cartilage lesions of the pa-articular cartilage lesions of the pa-tellae is poor and diagnosis cannot �e �ased on symp-is poor and diagnosis cannot �e �ased on symptoms alone.
